Most animals keep a safe distance from humans and other potential predators, forcing animals to trade foraging and other critical behaviors against flight with potentially negative consequences for population trends if energy budgets are consistently negative. Animals can adapt to human proximity through habituation or microevolution, and island, domesticated and urbanized animals have all reduced their threshold of fear compared to controls. We tested whether a common cause of threat status is susceptibility to human proximity. We did so by estimating whether 48 pairs of closely related bird species differing in their threat status consistently had longer flight initiation distances (FID, the distance at which the individual takes flight from an approaching human) in the more threatened species. We estimated threat status by relying on existing categorization of threat status by the European Union. Threatened species had consistently longer FID than their closely related species in both parametric and nonparametric tests. Common species were indeed more often recorded during field work while recording FID than were threatened species, the difference being almost 2-fold. This result provides a link between antipredator behavior, human proximity, threat status, and abundance.
INTRODUCTION
Almost all environments around the world have been affected by humans negatively impacting numerous free-living species (Vitousek, Mooney, et al., 1997; Ceballos et al., 2015) . Habitat loss and fragmentation (Andrén, 1994; Haddad et al., 2015) , climate change (Houghton et al., 1990; Bellard et al., 2012) , various pollutants (McNeely, 1992; Camargo and Alonso, 2006; Verhoeven et al., 2006; Gaston et al., 2013) , human consumption (Maurer, 1996; Butchart et al., 2010) , introduced species (Vitousek, D'antonio, et al., 1997; Early et al., 2016) , and many other human-induced changes have modified the environment for living organisms, reducing the survival prospects of free-living species. Free-living populations may also suffer from anthropogenic disturbance due to the increase in the size of human populations resulting in competition for limiting resources including an insatiable appetite for exploration (nature adventures by humans/field exploration) (e.g., Arroyo and Razin, 2006; Stankowich, 2008) . Because all animals acquire food and other limiting resources while keeping a safe distance from predators including humans, animals have to trade acquisition of food and other critical resources against safety (Ydenberg and Dill, 1986) .
Animals can adjust to changing levels of disturbance through habituation or microevolutionary change. People have long known that animals on islands have lost or reduced their antipredator behavior as evidenced by decreased flight initiation distances (FID) (Cooper et al., 2014) . Birds and mammals also lose their fear responses towards humans and their animals through domestication (e.g., Clutton-Brock, 1992; Broom and Fraser, 2015) . As an adaptation to recent urban environments appearing during the last 10,000 years, urban birds became more tame as reflected by their relatively short FID and reductions in relative FID as predicted by the number of generations since urbanization (Møller, 2008c; Weston et al., 2012) . Food provisioning especially in urban habitats may further reduce fear responses as compared to their ancestors in rural habitats (Robb et al., 2008; . Because island populations of animals, domesticated animals and urban animals all have lost or reduced their fear of humans, we can infer that animal responses to humans can change rapidly . Thus, there is reason to believe that current populations of birds and other animals are caught in a transition phase from being more to being less easily disturbed by human activity.
FID can be considered an estimate of risk of real predation. Predation risk is likely to have a concave upward relationship with distance to potential predators, and it increases sharply at short distances (Cooper and Frederick, 2007) . Species with relatively short FID run elevated risks of predation by sparrowhawks Accipiter nisus (Møller et al., 2008) and domestic cats Felis catus , and the risk of getting hit by vehicles (Møller et al., 2011) . These relationships remain robust even after controlling for additional factors associated with risk of predation such as body mass and sexual dichromatism. Individuals known to have died from predation had significantly shorter FID than survivors in a population of barn swallows Hirundo rustica (Møller, 2014) . Thus, longer FIDs are associated with lower predation risk and smaller levels of risk-taking.
Differences in antipredator escape distances within bird species can influence the choice of habitat across the entire range of species (Burger, 1981; Martin and Réale, 2008) . The larger the diversity in FID among species the greater the dispersal distances and the larger the number of breeding habitats and total range size (Carrete and Tella, 2010; Møller and Garamszegi, 2012) . This difference in terms of variation in FID may have important consequences for populations of free-living animals. Species with long FID on average had declining population trends across Europe (Møller, 2008b; Møller et al., 2014) , FID and latitude interacted to generate complex spatial patterns of population trends linked to risk-taking behavior .
Here, we test whether this recently evolved change in response to proximity of humans might influence the threat status of species; we used a pairwise comparative method that explicitly investigates to which extent closely related taxa consistently vary in their phenotype (Møller and Birkhead, 1992) . Such paired comparisons of values of the dependent variable (FID of pairs of closely related species) should also differ in terms of character state of the independent variable. This comparative approach focuses on the tips of the phylogeny because only closely related taxa are investigated, and it exploits the fact that closely related species by definition share most phenotypic traits due to their common phylogenetic history. Thus, pairs of species differing in their threat status are unlikely to consistently differ in other respects because the majority of their evolutionary history is shared except for recent transitions, which are of greater concern for conservation. This argument even applies to unknown confounding factors that so far have not yet been identified making this a powerful tool for testing phylogenetic hypotheses (e.g., Sol et al., 2002; Svenning and Skov, 2004) .
In this study, we compared FID in pairs of closely related species of birds differing in their threat status, but we also tested explicitly whether a measure of relative abundance differed between these 2 categories of species, as predicted by the difference in their threat status according to Birds in Europe (Burfield et al., 2004) and European Red List of Birds (BirdLife International, 2015) . Antipredator behavior of animals as estimated from FID provides a consistent metric of the extent of tolerance to human proximity . If FID at least partially reflected variation in adaptation of wild animals to human proximity, we predicted that mean FID of pairs of closely related species differing in threat status would be consistently longer in the group of species that is more threatened. In a conservation context, a link between antipredator behavior and threat status will help us understand the impact of anthropogenic disturbance on wild species, and it may eventually also help us reduce such effects.
METHODS

FID estimates
We estimated FID across Europe using a standardized process following Blumstein (2006) and Møller (2008b) . In brief, we approached foraging or resting birds by walking at a normal speed and recording the distance at which the individual took flight or walked away as horizontal distance. The perching height was recorded if the individual was positioned in the vegetation. FID was estimated as the hypotenuse of a right-angled triangle and the other 2 sides were horizontal distance and perching height, respectively. We collected FID information from all individuals encountered implying that the number of observations for each species provided information on their relative abundance. The data were collected during February-September 2006-2015 in an area of 100 km 2 in Orsay (48°42′N, 2°11′E), Ile-de-France, France, an area of 800 km 2 in Northern Jutland (57°12′N, 10°00′E), Denmark, and an area of 500 km 2 in Oslo (59° 54′N, 10° 45′E), Norway. Estimates of the length of FID were consistent across studies, countries, years, and seasons (Blumstein, 2006; Møller, 2008a Møller, , 2008c .
We also used FID information for a direct test of the hypothesis that threatened species should be less commonly encountered than nonthreatened species when collecting data on FID.
Threat status assessment
The threat status of the species was categorized according to either Birds in Europe: Population estimates, trends and conservation status (Burfield et al., 2004) or European Red List of Birds (BirdLife International, 2015) . Each species was assigned to one of 5 categories of decreasing threat status (1, 2, 3, Non and Non E ). A species is categorized as SPEC1 if its status is classified as threatened, near threatened or data deficient under the IUCN Red List Criteria at the global level. Other species whose populations are small and nonmarginal, declining moderately, depleted following earlier declines, or highly localized, are listed as SPEC2 if more than 50% of their global breeding or wintering population or range occur in Europe. They are categorized as SPEC3 if they are not concentrated in Europe. Other species that have a favorable conservation status in Europe are categorized as Non-SPEC and are marked as Non-SPEC E if they are concentrated in Europe. We chose Birds in Europe rather than IUCN Red List so that more species could be included in the analyses. The results based on the 2 sources could help us better understand the impact of anthropogenic disturbance on the status of most species, not just those classified as being extremely threatened. In addition, we included more possible pairs of species by using European Red List of Birds (BirdLife International, 2015) in addition to Birds in Europe. The threat status of all species in this list was classified into 6 categories Critically Endangered, Endangered, Vulnerable, Near Threatened, and Least Concern according to the IUCN Red List Categories and Criteria. Species receiving different categories were regarded as threatened and relatively less threatened if they were listed under the same categories in Birds in Europe.
Comparative analyses
Species belonging to the same genus were defined as close relatives and paired if they were assigned in the Red Lists to 2 different categories of threat status. We identified as many such pairs as possible and used these pairs for a phylogenetically controlled paired analysis (Møller and Birkhead, 1992) . Preferably, such pairs of species should be chosen randomly to avoid any conscious or unconscious observer bias affecting the conclusions. When confronted with the case that more than one congener or more than one pair being available in a single genus, we first chose the most closely related common and threatened species according to a random sample of phylogenetic trees (Appendix A). If they were at the same level in the phylogeny, we chose possible species with the largest sample size for FID. Each species was included only once in the analyses.
We made such paired tests for FID and for the relative abundance of species as determined by the sample sizes for FID of the 2 categories of species. We used the natural logarithm of FID and sample sizes in the analysis to avoid highly skewed distributions. We used R 3.3.1 (R Core Team, 2017) for the Wilcoxon matched pairs signed ranks test and one sample t-test.
RESULTS
We were able to identify a total of 48 pairs of bird species differing in threat status and compare their FID (Table 1 ; Appendix A). Relatively threatened species had longer FID than their closest relatives (mean threatened = 29.608 ± 4.043 m; mean common = 20.498 ± 2.528 m; sign test, V = 885, P = 0.002; one sample t-test, t = 2.605, df = 47, P = 0.012). The distribution of log-transformed mean FID for threatened species and their most closely related nonthreatened species is shown in Figure 1 .
The difference still remained the same if we removed the rare species with less than 4 records: relatively threatened species had longer FID than their closest relatives (mean threatened = 18.520 ± 3.097 m; mean common = 12.947 ± 1.785 m; sign test, V = 242, P = 0.007; one sample t-test, t = 2.575, df = 23, P = 0.017). Following elimination of rare species there would be 24 pairs of species left. Common species were indeed more often more abundant as suggested by the numbers recorded during field work while recording FID than were threatened species (mean threatened = 2.017 ± 0.266 m; mean common = 3.087 ± 0.248 m; sign test, V = 295.5, P = 0.0046; one sample t-test, t = −3.09, df = 47, P = 0.0034), the difference being almost 2-fold.
DISCUSSION
Observations of FID were consistent with the prediction that relatively threatened species had consistently longer FID than closely related species of lower threat status. That was the case in both parametric and nonparametric tests. We also found evidence of nonthreatened species being more abundant than threatened species, as evidenced by the larger number of observations of FID in the former species. These findings are consistent with the hypothesis that threat status of birds is linked to their susceptibility to human proximity, with potential consequences for conservation.
Many potentially confounding factors may contribute to differences in FID between threatened and nonthreatened species, and these factors may include body size (larger species are generally more threatened than small species (Bennett and Owens, 2002) and larger species have longer FID than smaller species (Møller, 2008b) , population size (species with very small populations are generally more threatened for various reasons, partially known as Allee effects (Courchamp et al., 1999) ) and range size (species with restricted ranges being more threatened (Purvis et al., 2000; Cardillo et al., 2004) ). However, we assume that this alternative explanation is unlikely given that closely related species by definition are similar in terms of most phenotypic variables. For instance, we have tested for differences in body mass for pairs of species differing in conservation status, using a similar analysis, but we did not find a significant difference (sign test, V = 561, P = 0.447; one sample t-test, t = −1.411, df = 47, P = 0.165). Thus, our results for FID and relative abundance might provide underlying mechanisms for how anthropogenic disturbance contributed to negative population trends Møller, 2008b) and eventually extinction of species.
Species of birds included in the present study differed in sample size, as do all other characteristics of species. Hence, it is unsurprising that sample size has a strong impact on statistical tests as shown consistently in a recent review (Garamszegi and Møller, 2010) . Previous studies have shown that there is a strong positive correlation between sample size for FID for different species of birds and Table 1 and the phylogeny is reported in Appendix A.
their abundance (Møller et al., 2006; Møller et al., unpublished data) . Thus, rare species have fewer observations of FID. In general, there is a strong positive correlation between local and global abundance of animals documented by Brown (1984) and Brown and Lomolino (1998) . Therefore, locally rare species are also globally rare. This implies that rare species have few observations of FID, and that exclusion of rare species (using an arbitrary sampling effort of at least 4 observations) will result in rare species as well as uncommon species being excluded from the data set. Species particularly susceptible to human proximity may be unable to coexist with humans for several reasons. Such species may have to spend more time and energy escaping from potential threats than less susceptible species. Foraging behaviour and related parental care during the breeding season may be affected by human disturbance (Burger, 1991; Verhulst et al., 2001) . Human activities alter habitat selection of birds (Fernández-Juricic, 2002; Meager et al., 2012) , and antipredator behavior towards human proximity may constrain both spatial and temporal use of suitable habitat (Blumstein et al., 2005) . Birds that differentially colonize urban areas are those with short mean FID and large variance in FID in their ancestral rural populations (Møller, 2010) . When raptors always have a longer FID than their prey, urban areas become refuges for prey species that are relatively unaffected by human proximity (Møller, 2012) . Species with relatively long FID for their body size are unlikely to adjust to anthropogenic disturbance when initially colonizing urban habitats.
The threat status of species may become increasingly critical if the FID of populations or species does not change sufficiently (Runyan and Blumstein, 2004; Carrete and Tella, 2010) . The reasons for such a lack of response to increasing human disturbance may be caused by slow change due to microevolution rather than the more rapid habituation as individuals are highly consistent and heritable in the fear responses to humans (Carrete and Tella, 2013; Carrete et al., 2016) . When populations are intolerant to human proximity, this may result in the differential elimination of species susceptible to human proximity. Species characterized by large variances in FID would have a higher probability of survival because at least some individuals will be able to cope with high or low levels of human disturbance (Møller, 2010; Blumstein, 2014) . Even though there is the potential for long-term habituation to stimuli (Møller, 2008c; Blumstein, 2016) , and life history may promote the evolution of long FIDs in some taxa (Blumstein, 2006) , increased anthropogenic disturbance may still result in loss of species (Fernández-Juricic, 2002) .
The findings reported here suggest that FID is related to conservation status. Admittedly, historical observations have shown that many insular species such as the solitaires Pezophaps solitaria and Threskiornis solitaries, the dodo Raphus cucullatus and many others had exceedingly short flight distances for their large body size, and they all went extinct rapidly when the first humans arrived (Steadman, 1995) . A loss of fearfulness and antipredator responses due to human presence may increase prey vulnerability to predators (Geffroy et al., 2015) . In fact, our findings indicated that the impact of nonfatal anthropogenic disturbance on free-living populations may become increasingly crucial as a part of human impacts during the last few decades. Relatively long FID among individuals belonging to a given species may be the cause of their vulnerability, which may turn such species into threatened ones due to anthropogenic impact (e.g., Thuiller et al., 2011) . Diverse interactive factors at various levels are likely to modulate the impact of humans on wildlife (Tablado and Jenni, 2015) . The link between FID and threat status may help us better understand human impacts on wildlife.
In conclusion, we have shown that bird species with a threat status of greater concern consistently had longer FID compared to closely related species that were not or less threatened. We assumed that threat status categories reliably reflected relative abundance of different species, and our samples of FID did indeed provide support consistent with this assumption because more threatened species had fewer observations of FID than less threatened species. Data accessibility: Analyses reported in this article can be reproduced using the data provided by (Jiang and Møller, 2017) .
